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A novel bacterial pathogen, Microbacterium nematophilum,
induces morphological change in the nematode C. elegans
Jonathan Hodgkin*, Patricia E. Kuwabara† and Brit Corneliussen*‡
The Dar (deformed anal region) phenotype, characterized
by a distinctive swollen tail, was first detected in a variant
strain of Caenorhabditis elegans which appeared
spontaneously in 1986 during routine genetic crosses
[1,2]. Dar isolates were initially analysed as
morphological mutants, but we report here that two
independent isolates carry an unusual bacterial infection
different from those previously described [3], which is the
cause of the Dar phenotype. The infectious agent is a new
species of coryneform bacterium, named Microbacterium
nematophilum n. sp., which fortuitously contaminated
cultures of C. elegans. The bacteria adhere to the rectal
and post-anal cuticle of susceptible nematodes, and
induce substantial local swelling of the underlying
hypodermal tissue. The swelling leads to constipation
and slowed growth in the infected worms, but the
infection is otherwise non-lethal. Certain mutants of
C. elegans with altered surface antigenicity are resistant
to infection. The induced deformation appears to be part
of a survival strategy for the bacteria, as C. elegans are
potentially their predators. 
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Results and discussion
Worms with the Dar phenotype exhibit a variably swollen
post-anal region (Figure 1a,b). The phenotype was origi-
nally assumed to have a genetic basis because most
progeny of the abnormal worms exhibited the same phe-
notype. Occasional worms had apparently normal tails,
but the swollen tail phenotype appeared again in their
progeny, suggesting a trait with incomplete penetrance.
In initial test-crosses of Dar hermaphrodites with wild-
type males, all cross-progeny had swollen tails, indicating 
dominance. Attempts to map the trait genetically indi-
cated that it was not tightly linked to central markers on
each of the six chromosomes, and the strain was therefore
stored frozen, to await further analysis. In 1997, another
spontaneous variant, with a similar swollen tail pheno-
type, was isolated and investigated. Growing the variant
worms at elevated temperature (25°C) was found to
increase penetrance of the trait to 100%, making test
crosses easier to interpret. As with the previous isolate,
the swollen tail appeared to be due to a dominant muta-
tion with variable expressivity. However, no linkage of
this putative mutation to any of the six linkage groups
could be established. Also, segregation patterns exhibited
deviations from the Mendelian expectations for a single
dominant mutation.
These anomalies suggested that the Dar phenotype might
be the result of a disease rather than a mutation. Two lines
of evidence supported this interpretation. First, the Dar
phenotype was contagious: growing wild-type hermaphro-
dites together with Dar hermaphrodites that also carried a
dpy-9 marker resulted in the appearance, after a few days,
of non-Dpy hermaphrodites with a Dar phenotype. Second,
the phenotype was cured by alkaline hypochlorite treat-
ment [2]. This procedure kills worms and associated bacte-
ria, but does not kill unhatched eggs. Worms hatching from
treated eggs no longer exhibited the Dar phenotype, nor
did the phenotype reappear in subsequent generations.
The tail regions of Dar worms were therefore examined
closely by light microscopy at high magnification, search-
ing for signs of bacterial infection. In some individuals, a
small patch of bacteria was seen sticking to the cuticle
immediately behind the anus, over the point of maximum
swelling (Figure 1c,d). The bacteria were rod-shaped,
morphologically distinct from the E. coli used to propagate
C. elegans, and adhered tightly to the cuticle, because they
were not dislodged by extensive washing.
To isolate the bacteria in pure culture, Dar worms were
starved for several hours on unseeded NGM plates [1],
and then transferred to nutrient agar (TYE) plates at 37°C,
a temperature that is lethal to worms after a few hours.
After a day of incubation, three kinds of bacterial colonies
were visible on the plates: a few large colonies of E. coli
OP50, and a larger number of very small colonies, with
two different colony morphologies. A single colony of each
type was picked, establishing two bacterial strains, which
were given the names CBX101 and CBX102. Subsequent
work showed that these are phase variants of the same
bacterial species, and we focused on CBX102, which is
easier to grow in liquid culture. Mixed lawns of E. coli plus
traces (0.1–1%) of CBX102 were prepared and inoculated
with wild-type C. elegans. After one or two days feeding on
such a lawn, the worms all developed swollen tails,
demonstrating that the novel bacteria are the causative
agent of this condition. The mixed lawns look very similar
to lawns of pure E. coli, and the presence of a slow-
growing contaminant is not apparent on casual inspection;
this explains why it was not noticed in the original isolates
of Dar worms. CBX102 grows slowly even in rich medium
(doubling time at 25°C was found to be 140 minutes for
CBX102, as compared to 75 minutes for E. coli OP50).
In light of these observations, the 1986 isolate of a Dar
strain was thawed and found to carry a similar bacterial
infection. A monophasic bacterial strain, CBX103, was iso-
lated from the 1986 culture. This has growth and infection
properties similar to those of CBX102, but differs in
colony color. Both CBX102 and CBX103 were initially
identified as Gram-positive coryneform bacteria. More
detailed typing suggested that both belong to the genus
Aureobacterium, a coryneform group which has recently
been subsumed into the larger genus Microbacterium [4].
To confirm this, DNA was extracted from the two isolates,
and 16S rRNA gene amplification and sequencing was
carried out using standard primers. For the 16S rRNA
gene, CBX102 and CBX103 were found to be 100% iden-
tical in sequence over 1350 bp, and 97–98% identical to
eight species of Microbacterium. This genus includes dozens
of species, many of which are soil bacteria, but none has
previously been described as a nematode pathogen.
Samples of 14 closely related species of Microbacterium
were obtained and tested for the ability to induce a Dar
response in C. elegans, with uniformly negative results
(see Supplementary material). We conclude that CBX102
and CBX103 define a new species, provisionally named
Microbacterium nematophilum n. sp.
The host range of CBX102 was examined by testing it
for the ability to induce a swollen tail in other isolates of
Caenorhabditis, or in representatives of other nematode
genera. Ten independent wild isolates [5] of C. elegans
had a similar or slightly weaker response compared to
the standard Bristol strain, N2. Strains representing
three other free-living species of Caenorhabditis each
exhibited a strong Dar response, and so did a strain of
Oscheius myriophila, which belongs to a closely related
genus. Nine more species (see Supplementary material),
representing eight other genera of soil-dwelling micro-
bivorous nematodes, showed no obvious morphological
change, even after many days of cultivation in the pres-
ence of CBX102. These bacteria therefore appear to be
specialized parasites of Caenorhabditis and a few related
soil nematodes.
Detailed examination and staining of infected nematodes
(Figure 2) revealed that the bacteria adhere to the walls of
the rectum and to a small patch of cuticle immediately
behind the anus. There appears to be no penetration of
bacteria through the cuticle, yet the underlying tissue
swells dramatically, producing a large localized distortion.
This enlargement does not involve any cell proliferation,
and will still occur in mutants defective in cell division
such as air-2/stu-7 [6].
To test whether the bacteria were multiplying after infec-
tion, worms were infected by culturing L3 or L4 larvae on
a mixed OP50/CBX102 lawn for 1–2 hours. They were
then transferred to pure E. coli OP50 lawns, and observed
to develop a Dar phenotype over the next 2–10 hours.
Few or no bacteria adhering to the post-anal region were
seen 1 hour after transfer, but increasing numbers
appeared with time, indicating that the bacteria are multi-
plying on the host. Larval (L4) Dar worms transferred
from a mixed lawn to a pure OP50 lawn before and after
moulting usually exhibited a Dar phenotype and adherent
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Figure 1
Normal and Dar hermaphrodites, at larval (L)
and adult stages. Nomarski differential
interference contrast (DIC) photographs of
(a) normal wild-type L4 hermaphrodite;
(b) infected hermaphrodite of the same age
(arrow indicates swollen post-anal region);
(c) lateral view of tail region of adult infected
hermaphrodite, indicating adherent bacteria
(arrowed), anus (arrowhead) and distended
intestinal lumen (asterisk), characteristic of
constipation; (d) ventral view of adult infected
hermaphrodite region. The arrow marks the
edge of an oval patch of adherent bacteria
located immediately behind the line of the anus
(arrowhead). Scale bars represent
(a,b) ~100 µm; (c,d) ~20 µm.
(a) (b)
(c) (d)
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bacteria as adults, showing that the bacteria are not all
shed with the larval cuticle during moulting. 
The ability to adhere to the anal region of a nematode, and
to induce localized swelling, may be advantageous to the
bacteria in several ways. Soil nematodes are voracious
predators of bacteria, and C. elegans can feed on CBX102
just as on E. coli. To demonstrate this, pure lawns of
CBX102 were grown on NGM plates and inoculated with
hypochlorite-sterilized eggs of C. elegans. Hatching worms
grew to maturity and reproduced on these lawns, though
more slowly than on a standard E. coli lawn. For the bacte-
ria, adherence to the cuticle will provide some protection
against being eaten, and the rectum and post-anal patch
may be the safest and most nutritious locations for bacteria
in a culture of actively feeding C. elegans. Periodic defeca-
tion and leakage of gut contents are likely to provide useful
nutrients to a bacterial colony in this position. Another
potential benefit is that dispersal of bacteria to new sites
will be facilitated by attachment to the nematode surface.
Perhaps more important is the ability of CBX102 to induce
post-anal swelling. This has significant consequences to
the worm by interfering with defecation. The distortion of
the anal region prevents the defecation muscles from
working properly, and almost all infected worms have a dis-
tended gut indicative of constipation, even at early stages
in the infection when there has been relatively little post-
anal swelling (Figures 1,2). The bacteria in the rectum may
also contribute to blockage by creating a partial seal. The
constipated worms grow more slowly, as shown below, and
therefore feed less, which will benefit the bacteria.
To explore further the nature of the response, a number of
characterized mutants of C. elegans were tested for resis-
tance or hypersensitivity to infection. About 200 mutants
have been examined so far. Most showed little or no alter-
ation in response, but certain mutants with altered surface
antigenicity (srf mutants [7,8]) were found to be resistant
to infection by CBX102. Worms mutant for the genes
srf-2, srf-3 or srf-5 failed to exhibit a Dar response when
grown on mixed OP50/CBX102 lawns, whereas worms
mutant for four other srf genes (srf-4, srf-6, srf-8, srf-9) all
developed a strong Dar phenotype. Worms mutant for
srf-1, which is naturally polymorphic in C. elegans [9],
developed a weak Dar response. The resistance seems
most likely to be due to a change in the surface properties
of the cuticle, which may alter adherence or recognition
by the bacteria and thereby prevent infection. The three
mutants srf-2, srf-3 and srf-5 have also been reported to
have an altered response to attack by the nematode-trap-
ping fungus Duddingtonia flagrans, but exhibit increased
susceptibility to the fungus, rather than resistance [10].
Identification of resistant mutants enabled a demonstra-
tion of the burden imposed by infection. Growth rates of
srf-2 and wild-type populations were compared in the
presence and absence of CBX102, using an eating-race
protocol [11]. Matched lawns of bacteria were prepared,
and each was seeded with a single late L4 hermaphrodite.
The time taken for the descendants of this founding her-
maphrodite to consume all available bacterial food was
noted. As shown in Figure 3, in the absence of CBX102,
wild-type populations grow fastest, but are substantially
slowed by the presence of traces of this bacterium. In con-
trast, srf-2 mutants are barely affected. Infection increased
wild-type generation time by 20% or more, but did not
affect srf-2. Thus, the infection has a significant inhibitory
effect on growth of C. elegans, which we suggest is mainly
due to the constipation induced by the bacteria. This is an
unusual strategy for avoiding predation.
The M. nematophilum infection is novel, and distinctly dif-
ferent in nature from the toxicity of some strains of
Pseudomonas aeruginosa for C. elegans (see Supplementary
material). Also, various surface infections of nematodes by
bacteria have been reported in the past [12] but none of
these interactions resembles the localized attachment and
induction of local swelling that we describe here. Special-
ized associations with bacteria are also seen in ento-
mopathogenic nematodes [13,14] and in some plant
parasitic nematodes [15], but these associations are symbi-
otic rather than pathogenic, and do not involve morpho-
logical changes in the host. C. elegans does not appear to
derive any benefit from infection by M. nematophilum, so
the interaction appears to be purely parasitic, at least
under laboratory conditions.
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Figure 2
The anal regions of an infected adult worm (below) and an infected L4
larva (above, lying ventral side up) worm viewed by Nomarski DIC
microscopy and epifluorescence, after washing and staining with the vital
dye Syto13 (see Supplementary material). Fluorescent bacteria (white)
are visible in the rectum (arrowed) and on the post-anal patch of the adult,
and in the rectum of the larva (arrowhead). The distended intestinal lumen
is marked with an asterisk. The scale bar represents ~10 µm.
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The advantages of this interaction to the bacterium seem
understandable. Much more mysterious are both the
purpose and the mechanism of the response on the part of
the worm. The swelling could be advantageous to the
host, because the distortion of the anal region and the
increased convexity of the cuticle may make it easier to
dislodge adherent bacteria. Alternatively, the bacteria may
have evolved a means of subverting normal morpho-
genetic processes to their own ends. In either case, the
mechanism of local swelling represents a striking problem
in cellular morphogenesis.
As discussed elsewhere [5], little is known about the
natural ecology of C. elegans, despite the fact that it is
anatomically and genomically the most completely
described of all animals. Our chance isolation of a specific
pathogen for C. elegans underlines the probable existence
of many other unknown biotic interactions in the natural
history of this organism. Discovering and analysing such
interactions may well be essential for understanding the
function of much of the genome.
Given the experimental advantages of C. elegans, it is likely
that the interaction with M. nematophilum will provide a
powerful system for examining bacterial attachment,
nematode cuticle structure, host response to infection and
cellular morphogenesis. The infection-resistance of certain
srf mutants already provides a useful tool for the analysis of
these genes, none of which has yet been defined at the
molecular level. It may also prove possible to manipulate
the host range and pathogenicity of M. nematophilum and
thereby create biocontrol agents which would be active
against nematodes of economic importance.
Supplementary material
Supplementary material including bacterial strains, nematode strains,
sequence data, and additional methodological detail is available at
http://current-biology.com/supmat/supmatin.htm.
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Figure 3
Comparison of feeding rates [11] in the presence and absence of
CBX102. NGM agar plates were seeded with identical lawns of either
pure E. coli OP50, or E. coli plus 0.1% CBX102 (see Supplementary
material). Each lawn was then inoculated with a single C. elegans
hermaphrodite (wild-type or srf-2(yj262), late L4 stage), and plates were
incubated at 25°C. The time at which the descendants of each
hermaphrodite consumed available bacterial food and began to starve is
indicated. In parallel experiments using identical conditions, generation
times for individual worms were measured in hours from egg-hatch to first
progeny egg-hatch: wild-type 54.3 ± 0.8 uninfected, 66.1 ± 4.2 infected;
srf-2 57.3 ± 1.6 uninfected, 57.9 ± 1.8 infected (N = 6–12 for each).
Current Biology   
110 120 130 140 150
srf-2Wild type
srf-2 Wild type
Uninfected
Infected
Hours from inoculation to starvation, on uninfected
lawns (pure E. coli)          or infected lawns 
(E. coli + 0.1% M. nematophilum)
